For some years past the author, in common with many others who had turned their attention to the subject, was convinced, that the ordinary method of feeding grates, by throwing the fuel upon an ignited surface, either by hand or by mechanical contrivances, was not conducive to either economical or regular combustion, because the gases, which were suddenly developed, on the fresh fuel being brought into contact with the intensely heated surface, had not time to become hot, or to be mixed with the requisite quantity of air for combustion ; but they passed off to a great extent unconsumed, and in their passage through the flues abstracted, rather than imparted, c a b ric; it therefore appeared more consonant with chemistry, as well as with mechanics, that the fresh coals should be deposited upon the bare bars, at the outer extremity of the furnace, and being slowly drawn forward, should become gradually ignited as the gases were evolved, and that they, in passing over the mass of incandescent fuel, should become heated and combined with a due, proportion of oxygen, thus enabling the caloric to be most advantageously used.
Numerous experiments convinced the author of the correctness of his views, and having since erected several grates constructed on this principle, he is enabled to give the practical results that have been obtained.
The drawing (Plate 23) shows the application of the screw-grate, to a common cylindrical boiler, set in brickwork.
The man-hole, safety-valve, &c. are omitted, as these may be made in the ordinary manner. Fig. 1 is a front view of the brickwork and grate. Fig. 2 is a longitudinal section. Fig. 3 is a transverse section. Fig. 4 is a horizontal section above the grate-bars. l is the brickwork; 2 and 3 are cast-iron plates, which rest upon the brickwork 1, and support that portion of the brickwork which constitutes the hearth and the bottom part of the flues, and which is seen best in Fig. 3 . The bridge 4 (Fig. 2) is here made of wroughtiron plates, and is so constructed that it can be kept cool, by a stream of water from above, in the usual manner, and may be removed easily, if it is burnt. The brickwork behind the bridge is hollowed out and arched over as usual (Fig. 4) . The bottom plate 5, is fixed upon a stone, and supports the standards, or frames, 6 and 7 , to which the screw-bearings 8 and 9 are cast, and to which the grate rails 10 and 11, are fixed, which support the grate-bars 12. The lower rails, 13 and 14, upon which the grate-bars return, and which are marked 15, are fixed to the same standards as the rails above. The grate-rails 10 and 11, are cast in the shape of an angular plate, and are strengthened by brackets, for the purpose of making them stiff enough to support the grate-bars and the coal. The bottom plate 16, in front, is similar to that already described; but the standards 17 and 18, are so arranged as to carry the bearings 19 and 20, in which the worm-shaft 21, revolves; and instead of having the screw-bearings, 22 and 23, cast to it, they are fixed by bolts, so that they can be easily removed. The grate-screw 25, has a left-hauded thread, and the grate-screw 24, a right-handed thread, and they are so constructed as to keep the grate-bars close together, until they arrive at a (Fig. 2) , then the space between them begins to increase, so that at b they assume their full distance, , which is the same until they arrive at c, when they begin to approach again quickly, so that at the bridge there is only about one-third of the former space between them.
The screws are cut in such a manner, as not only to keep the gratebars at those given distances ; but also to give them a varying rocking motion, which begins at d, increases as far as e, remains the same as far asJ and dies away into a regular screw-thread towards the end of the screw. It is clearly shown in Fig. 4 that the rocking motion of the bars, is accomplished by what is commonly called a '' drunken" screw-thread, and that the grate-bars are kept close together, in that part of the grate in which the hopper is placed, merely by having the screws cut to a proportionately finer pitch ; and this is simply for the purpose of preventing the fine coals from dropping through the grate-bars.
Suppose, then, the coal to be put into the hopper, as shown i n Fig. 2 , and the grate-screws, between which the grate-bars are placed separately, to be put i n motion by a strap working 011 a pulley 26, which is fixed on the worm-shaft 21. The right-handed worm 27, ( Fig. 1) gears into the worm-wheel 28, fixed upon the left-handed screw 25 ; and the left-handed worm 29, gears into the worm-wheel 30, which is fixed to the end of the right-handed screw 24. It is thus evident, that when the worm shaft causes the worm-wheels 28 and 30, to move in the direction of the arrows (Fig. l) , the grate-bars will advance, and carry as much coal into the furnace, as will be admitted by the position of the slide-door 31. As the coals will be ignited by degrees, as they make their appearance under the brickarch 32, it is evident, that the gas must be generated slowly and gradually, and will pass in a regular and uninterrupted stream, over the ignited surface of the whole grate ; thus becoming heated for ignition, they must consequently be consumed, before they arrive at the bridge. Sufficient air can also be admitted, either at both ends of the gratebars, or by a few tubes through the brickwork, and thus not only is the smoke consumed, but the heatingpower of the coal is increased to a great extent.
T h e rocking of the bars begins at a place marked d, where the coals are already beginning to coke, and the apprehension of working the small coals between the bars is removed ; the grate-bars are then made to perform an equal and strong rocking motion, from the p u t of the grate marked e, to that part marked f, by means of which the coals are kept in constant motion, the ashes are removed from them, the contact of the fuel is changed, the grate-bars are prevented from clinkering, and a clear and brisk fire is kept up without that extraordinary draught, which is required in other furnaces.
To prevent the heat becoming too great at the bridge, the spaces between the grate-bars, fromf to the bridge, are gradually reduced, thus diminishing the admission of air ; and the rocking ceases in that part of the screw in which the hindmost grate-bar is caused to drop, by means of the tappets 33 and 34, into the return-screws 35 and 36, which are placed directly under the grate-screws. The return-screws are caused to revolve by means of the pinions 37 and 38, placed behind the worm wheels 28 and 30, and the pinions 39 and 40, fixed to the ends of the return-screws; as the screws thus revolve in opposite directions, and exactly at the same speed, it is evident, that the thread of the return-screws will receive the grate-bar (which is forced down by the tappets) into its thread, and will carry it again to the other end of the screw; it is there lifted up by two tappets 41 and 42, which are of exactly the same construction as the tappets 33 and 34, is placed into the thread of the top-screw, and forms again a portion of the grate. The thread of the return-screw is double the pitch of the grate-screw, for the purpose of allowing the ashes to descend and the air to ascend. B y this arrangement any defective grate-bar can be taken out, and a new one be put into its place, and in fact the whole set of grate-bars can be exchanged, without the slightest interruption of the combustion. The grate-bars which form the grate, are supported by the rails 10 and 11, as already explained, and return upon the rails 13 and 14. To the ends of the rails 13 and 14, a fork is cast, by which the scraper-shaft 43, is supported, the arms of which take into an iron slide 44, to which the wrought-iron scraper-plate45 is fixed. It is under this plate, where the grate-bars descend ; and for the purpose of getting rid of the clinkers, &C., which of course are all carried to the bridge, the plate or slide 44 is drawn back by means of the bar 46, and the clinkers are allowed to drop. The hopper 47, consists of cast, or wrought-iron plates, and may either be left open at the back, or be closed by a sheet-iron plate, which can easily be removed for the purpose of having access to the grate; the side door 31, which regulates the depth of the coal, is worked by means of the shaft 48, the arms of which, 49, take into the snugs 50 and the lever 51 ; and the slide-door is held in its place by the toothed segment 52, and the click 53.
The cross 54, on ihe worm-shaft 21, is simply for the purpose of moving the grate by hand, which in most cases is required, when a fresh fire is lighted, which is done in the usual manner, except that the coals towards the bridge are laid considerably thinner than those nearest the hopper.
As very little power is required to work this grate, a small working cylinder of a few inches only in diameter, according to the pressure of the steam, can be placed upon the top of the boiler, to work the grate and the feed-pump, which will be convenient in such places where boilers are used for other purposes than steam engines. B y a simple arrangement-and a pair of cone pullies, the heating power of the grate can be increased, or dimiuished, as the consumption of steam and the pressure may require, and the grate can be made self-acting in every respect.
Only one application of the grate is here given ; but it can be applied to almost any sort of boilers : namely, to boilers with a series of tubes, without any brickwork ; to boilers with heaters set into briclrwork ; or it may be applied to boilers with large flues, with as much facility as the ordinary grates, as well as to marine boilers of various constructions, by slight alterations in the frames, without deviating in the slightest degree from the principle.
The dimensions of the grate require, of course, to be proportioned to the boiler. That which is at work at Old Ford, near Bow, is 9 feet 6 inches long and 30 inches wide, whilst one for an engine on the Croydon railway is 35 feet long by 2 feet 3 inches in width. Both these grates work extremely well, and no smoke is emitted at any time from the chimneys, nor is there the slightest diEculty in keeping up a regular fire all over the bars.
Long grates of this construction, should be economical for many reasons, but especially, (as has been stated), because the gases, which are generated most abundantly, when the coal is first under the process of coking near the hopper, pass over a large surface of ignited fuel, where they are consumed, and at the same time lend their aid in the consumption of the carbon, which, under ordinary circumstances, mixes with the tar and is deposited in the flues in the shape of soot, or is thrown off from the chimney in dense black smoke, particularly where the draught is quick; but in this case a slow rate of combustion is desirable, and it has always been the opinion of the author, that it was the most advantageous as well as the most economical mode of generating steam.
I n his paper on Stationary and Marine Engines,* he recommended greatly diminished draught, and several engineers in charge of the locomotive department of railways, are beginning to find considerable benefit from adopting this plan. I t appears to him that the heat contained in the nitrogen, when parted from the oxygen, is disposed of as the gases, which are incombustible, pass along the flues, or through the tubes of the boiler. This operation may be considered similar to that of a pipe led through a vessel of water, and a fluid heated to a certain temperature passing through this pipe. If the heated fluid be allowed to stand long enough in the pipe, it will part with its caloric, until the fluids surrounding and inside the pipe have arrived at the same temperature. If the fluid moves slowly, it will part with the greatest portion of its caloric ; but in proportion to the speed with which it traverses the tubes, it will retain its caloric, and of course impart less of it to the fluid without. Thus a slow combustion, and consequently a slow draught, must operate upon the contents of the boiler, in exactly the same manner, whether the boiler be set in bricks, or the flues be within the boiler ; and it must be evident, that the marer the degree of heat of the gases going from the flues, or tubes of the boiler into the chimney, is to the heat of the water in the boiler, the more perfect is the combustion and the application of the heat, and the greater must evidently be the saving in fuel.
Taking the air as a bad conductor of heat, and examining its effect upon the boiler when passing along it in a flue of bricks, it is found, that a large portion of the heat given up by the bricks, and which they have received by contact from the heated air, is again carried away by the air, instead of being deflected upon the boiler ; it may be worth examination whether the air should not pass through metal flues in the boiler, after it has left the brick flues.
At least 75 per cent. of air, which is heated to perhaps several hundred degrees above the water in the boiler, passes unconsumed through the fire and the flues, and must carry off a vast amount of heat, if it be allowed to escape rapidly; and there can be no doubt that if the chimney were reduced to so small an area, as to impede the passage of the incombustible gases, and the air were forced through the grate-bars at a certain pressure, by a fan, or other means, considerable advantage would arise, because, by such an arrangement, the escaping gases could be deprived of their heat to a much greater extent, and they might at last be applied for heating the water for feeding the boiler.
There would be no difficulty, in supplying the screw-grate with air under a pressure of from 2 to 3 imhes of water, or even more; beCause the hopper is the only place where the air can escape, and that portion would have to pass through a deep bed of cold coal,, andeven this part might easily be made air-tight.
It seems not improbable that by an arrangement of this kind one-half of that caloric which l l o s~ escapes with the unconsumed gases might be saved. The paper is illustrated by an engraving of the fire-grate; and the permission to use the plate for the Minutes of Proceedings has been accorded by Mr. Bodmer.
